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[0 00 1] 

[0 0 0 2] 
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F M W^SCjll^#i^ V > T tt^ IC T ± □ ^/mS&fiim IC J: S X -f ^ > 

;vtsiis&«l^ -r ^ i: J ^1 ^ ^ ^ t v^ -5 „ 
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Hi VlCJ.E.Haugh^lCj;^^:^ ""A DSP-Based Stereo Decoder for Automoti 
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1 1 — 362251 

ve Radioj ,SAE Technical Paper Series, #900244, February 1990lCa^$tl^ 

XH^AD^mm. 2«7=i^^5f;i/<g#^a.?l:/n'fe>y9- (Digital Signal Process 
or, JS^T. DSPhia^t-o ) , HtmKDy'-^UW^m. 8ttm2(D5=-^J« 

(J6ATVCOi:Sai-) 'e$>€>o 

[0 004] 
[0 0 0 5] 

^KD'^^y^ 9 ^j:t5^2(Z><£igc:7>f 1 Oli, ^t\,^t\>^i(D^- 

T^'* L^-v>^;i/^ J;^J^R^^>^^l^®^&^^■^^ffi*"^'^■■ 
( 0 0 0 6 ] 

2*^e,^^e)4^^^^M (OTSmM^i:ia-r) 
[0 0 0 7] 

z: z: ic zi-9'>f > ;i/ T ^y - -/^^v i 2 *^ ^ j^:^ e> tiS 
AD|gSllll*^e)ffiiJ$ti-5FMX^l^:r^^fB#C-^*tiSA°>f U^y hM"^ 

Misiai 9 kHz iitste-iic-r&fcib, 1 (Z)is^^:9-ic-^*tis>'^-r 
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[0 0 0 8] 

StlSo DA^m^l 0 1 ffi:dtt^4<D<£^7-f>n/^ 1 0 2lCj:oTlg^M«^^ 

^^m^^nt^^. vco 1 0 3<D«a^M-ti:^»j> vco i o 3*^mij-^s?^^ 

[0 0 0 9] 

3z:T', vco 1 0 3<z)M^J£iS:i^<biiAD^^^i®^2fcfl:^>f 
z: i: ^ S n 

[0 0 10] 

^y h«#T'^-S„ 

[0 0 11] 

j^agcDS^ ^ J; tJ^iaW^M# ® WSI 5: i: -r <^ ^ s o 

[0 0 12] 

^^jmmizit. ^ (2) , (3) <z)^;v^?M^^J^::^-f-v:^^-^^S^ic^-r&^ 

WtVXmmX'^^o ^^.^ (1) ICSVNTL (t) ttL5^-Y>:^;V«#, R 
(t) liR^^>:^;i/#-^, a)«7\°^D*y h##®:^M?^^iS[5:^-to 
[0 0 13] 

Z.Z.T% ^C; (2) , (3) ^CSV^T T = tt/ (2 • oj) il-T-S 3 il JC J: ^ , 
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^ (1) <Dm2.m<DsE^mmit. ^ (2) jsjit; o) o^A^esist^^ii*^*^® 

[0 0 14] 

-r^*)t», r©^^ictt, ^^65ric^ (4) , (5) tLxm^:iiii}^r'^^ 
o rrtc^ (4) i^i.^^y^)V=^^^^<D^<D^-^mt^jt''). ^ (5) liR 
^ > ^- ^ ^ s - ^ e> ^-x 

[0 0 15] 

S(t) = [L(t) + R(t)] + [L(t) - R(t)] sin(2<i)t) + Ap sin(ci)t) • - ^ (1 

) 

P(t) = S 6 (t - (2n + 1/2)T ) • • ^ (2 

) 

Q(t) = 2 6 (t - (2n + 3/2)T ) - • ^ (3 

) 

X(t)P(t) = S2L(t - (2n + 1/2)T) 8 (t - (2n + 1/2)T) ♦ - ^ (4 

) 

X(t)Q(t) = 22R(t - (2n + 3/2)T) 6 (t - (2n + 3/2)T) - • ^ (5 

) 

[00 16] 

j&fe^ (4) , (5) 'eitms^<Dr=.i^A>( u^y hm^^Mmhx\f^^i}K rti 

[0 0 17] 

ziziT'tt, m^it. vco 1 0 3<Dmmm^m^ 152 mz ^l, ad^^^ 

KDm^m^Wi^ 152 kHz t.VX. ij^y^ 1 3 (D fttfci&f^ ^ V C O 10 3® 
Ml*. 152KHz/8=19KHzT?fe»;, 19KHz<DyN°-f n »y h#-^®MM i:— it-^ So ) . 
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[0019] 
[0 0 2 0] 

mmma^^^m^ (g^rvcxohiaf ) ^Dsp<z)^^ic#^^:t«)> dsp 

[0 0 2 1] 
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[0 0 2 4] 

•r S ffl ^ # m ?: H tf :i ii S: i- S o 
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[0 0 2 6] 
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[0 0 2 8] 
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J: y D s poD^sicr-^n ^#-^{c J: y tiw^tis vco, wcyLo^mm-r^ 

[0 0 3 2] 
MM(DJ^M 1 . 

^y^HT'^y. ®^C^V^T, lliAD^m^ (M^. ADCil^lE) , 2liDS 
P, Sttvxdf ^n^y ^^|g^ (atp. MCLKt^fB) , 4 tt^^l^^m (0 
tp, im^I^il^SB) . 5l±||l<Z)^^^M#mOtt». Counter N, N 
+ 1. N- 1 ii^lB) , 6iim5©<£gJ7^;v^ LPFil^ia), 7 It 

^lCD7^-^f«SF#^ (®cfj, Latchh^IH), 8ttm2®^-^^##m 
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, ioii^2(D<£j^7>f;v^ (Sf. LPFii^ia) , 1 u^mn^m. 121* 

U^>(y)Vv^r^y^^-'^J^ Cos ine Lookup Tabl 

eHmm) > ISitiJ^y^ phase count e ril^ia) , 1 

^ M/^^^^i:*ffi)^ 1 6li^2(D«r^^M#m (Hrf., Coun 

t e r Mfc^ffi) T'feSc 
[0 0 3 3] 

© ic i o T « ^ -r S :i i: *^ ^ ^ - 

[0 0 3 4] 

- ^ o S 1 1 S j: tJ^^ 5 (Z)<Si^ 7 >f ;i/ ^ 6 ic^ b ^ tis 

o 

[0 0 3 5] 

^^ti^^Mo^y b«^fi^^®lM^S:?^^t^m*^-^«)t5C^='-9-^>;v^y 
[0 0 3 6] 
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[0 0 3 7] 

[0 0 3 8] 

[0 0 3 9] 
[0 0 4 0] 
[0 04 1 ] 

it. ^l©-5l^!9>M#a5{cJ^l-tSM»65^MJt^MS:M'>:&[Sli:bT^5l^® 
[0 0 4 2] 

«ai;t«ra6IS#^4m:^3<^7^-^^S^ 152 kHz i: n-9--f>>n/ 
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t^t^. ^ (2) ©7^;i/^B8m^J{ctB^t--S^>f ^^^S:*':?^^ 1 3®m:^3 
®|^<J[)l^<fctJf5lC*ffS$ii:, (3) ©t^;!/^ Wllt^JlCffi^-r €> -f ^ > iJ^S: 

[0 0 4 3] 
[0 0 4 4] 

(K • N - 1) / (K • N) ADm^(Dm^WL^^ • N/ (K • N- 

1) izmisa-t^:r.iiii^mizfjt^^ 

[0 0 4 5] 

K • N+ 1) / (K • N) mutjti). AD^moymmm^K - N/ (K - N + l 

[0 0 4 6] 

—mUVX. AUU^om^W^^. 8 6 4MHzilL/> ^§l^#©4 ©^61 
^^Pg$:3 2i:bT, m:^Jlc7\°>r n^y (19KHz) ® 8^©MfSiJtT'fe 

S 1 5 2KHzlc|^«3b:t^-^3»I?:#J:-3i:-tS#'&, -x- ^ m*®iatitN 

ilc^MMtSC 5:^ 0 . 1 %mm $ -B: =hO) H mm^£ ffi:^j # -5 r t *^-e ^ „ 

[0 0 4 7] 

muiz. 5^-^m:*j<oiaiS[N^ 3 1 iib, 3(Z)Miiicfet-tsr^Bi^r^pgK$:3 

< % VA-rti*^-:)? Sr^^t S -fr-S - i: J: o T A D ^^^(DMM &^Jg-r S ® i: 
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[0 0 4 8] 

z: n 5: M -B: M ^ ffi 5: ^ S Zl i:: % or t§ T' ^ <5 o 
[0 0 4 9] 

[0 0 5 0] 

>i^$:^H^S=b®1:^i:&v^:t^?), ^S; (2) ^^xf^ (3) ic^b^a«<Z)^-r 
^>tJ^*>^tt'>5&<i:=fo=K*^l:M«<^± 1/2 (^M»I4» (omm^^C^^H 

[0 0 5 1] 

z.(owm\-i-^ ^n^mrmmmnh-zm^-fM. m^itmrnm^ 4.864 mhz t 

bfe^. ±103 ns ht^^^ Zltlli, >?.7^V:rpJMjt?St 38kHz (^ffi^^ 
) fcL/T*?I±1.41'' tCffiSi-'S^^il^^y, 7.^V:it6^m^'^^ 70 dB lC«!l$!l 

[0 0 5 2] 
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11—362251 ^ 
[0 0 5 3] 

So 

[0 0 54] 
[0 0 5 5] 

Hpfi, Sine Lookup Table h^lB) , 4 1 2 

4 2 li<£lg^:7 >f L P F tmm) . 4 3 Itm 3 4 4 ItM 

[0 0 5 6] 

(DlZj^-oXm^-t^Zttf^X^^o 
[0 0 5 7] 

A nrnm^ 1 fs^ 2 ® rt^^^m^^ 1 6 ^ x<Dmmtmm(Dmm 1 icrgi^a 

[0 0 5 8] 
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) =b®T'feSo 

[00 59] 

^^M$:<£^bT, HI feJ:tJf^2(3D<SJ^>'>f 9, 1 0 IC1I^$ tlS«|g5: 
[0 0 6 0] 

>f ^7 T ^5^-^;^ 1 2 © ffi;)!jT'fe-5»mM#i: l^&*B®iE?S^S5:^^•r 
[0 0 6 1] 

[0 0 6 2] 

-fg-^igipi^r^-t-fg-^ (x.>/<n-yM-^) A-^ti^ri:^:^^. J:oT, '®i^>' 
>f ;i/^4 2 ®£ii:^Jlcj;oT^^X5^p5rM#lc-^*tiS>'NMD^y 

[0 0 6 3] 

r®iglmStl^/^M^^y h##®igif@lcMi-S«#$:, I|3®m^#m4 3 
feVNT-9->f >;i/^y ^'T^y ■/^-•:^;i/4 0 7()^pJ<Z)m:^J^c^•f <sr iiic <fc tj, ^-^^x 

[0 0 6 4] 
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[0 0 6 5] 

fi^ -r S :r i: ic J: y IE 5: m :b 3 it S :i *^ ^ S . 
[0 0 6 7] 

H3icr®^^«)^3®^m(Z)?^«i^^^^^^'^^FM;^^v:t^M^®^a 

mnm^m m^^ mm^mo, +i, -it^ia) . 2 3i*^^;i.^i&^tii^ 

filter opr. c o n t r o 1 h^lB) , 2 4 D 
^^M^ (H*> counter L il^lE) *??^So 
[0 0 6 8] 

(D IC <fc o T « ^ S r *^ ^ ^ = 
[0 0 6 9] 
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[0 0 7 0] 

^fcP0~P7©8j^. (HcjJxPPT^t) iiffi^7>r;i/^2 0icTm^«r«g^^ 

[0 0 7 1] 

o 

[0 0 7 2] 

«eoT, -K«tiig7=-^PO-P7a)jiiico~7^T'®>'>f ;v^*^aiu^T^ 
nsri:icj&»; (z:coo~7$:-7>f > 

ffi##iicMf£;'re^««^ai:^3^-^pi*^ffi*^^- (^^"^^ ^^^-^ "^-^"^ 

ic. >r^;^>5fss##7^c^^^i:bT^iP7*^m:^J$tl^tv^e)#^2:^^•rSo 

[0 0 7 3] 

-r-eiimm®^=:«)> ^fir^>^-f;i/5f20^3??c(Z)FiR>'>f;v^i:b, ■7>f;i/ 

[0 0 7 4] 
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^rat-To tfc=^*MB0'-B2 1i|ir^>'>f >n/i5?2 0A^e>©m*5='-^$:^'to ) 

o 

[0 0 7 5] 

[0 0 7 6] 
[0 0 7 7] 

^^$:^"r%©^&y, ;^2tcfitA0~A3 ^mBLt^^^t^^^y ^ 20^ 

[0 0 7 8] 

7>f ;V^M##7 1CJ:U, 05^b^V^A-l. AO, A 1 33 J: 0 A 2 (Z) A:d 

S-5vATffl^:7>f ;i/^5f 2 o*^e>^^$n§^i^•7^-^(^I^®7'-^coA^ffiiJ$ 

[0 0 7 9] 

5^jc, jiM(Z)j:e)tcA:tf9->^>'V2.*;raic33t:rsftM7=-^c^i5c*^-^'^'^^ 
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#^ 11—362251 

[0 0 8 0] 
[0 0 8 1] 

[0 0 8 2] 

;viJfjffi#^oic<fc»;, a^b35iV^A-l, AO, A i;J3J;t?A2®A*lc 
[0 0 83] 

tct6l^T^>f ^>mS (t5&^3t>, ^^StiS'^^-T^-^MiJ^M^) 
^- ^ S:^lt#© 1 1 J: t^H 5 (Z)<£igc7 6 IC^ b ffl:^-^-^ o 

[0 0 84] 

2 4 3^)^ ® ffi :*J ^ -r ^ > y IC H II b T i& f S A D ^ m ^ 1 i: »J A D $ tl 
[0 0 8 5] 
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^$:#^^#iS[*>e>ftMj^. (-r^cv^e)«M.^,^:^i, m4:izBur^A3(Dv'-Si 

■r S ffi A S: l^ifc-r -5 J: ^ l&f^ -5 o 
[0 0 8 6] 

*-rSJ:^. 2 0 2tai&f^s-ti:s*®'e^So 

[0 0 8 7] 

[008 8] 
[0 0 8 9] 

[0 0 9 0] 
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[0 0 9 1] 

^M^ic^b5itf#-^icii, 7>f;^^'#IS3^iT^®2 2^c^^^:rsM»6?I7>r;^^t 

[0 0 9 2] 

1/ ;r ^-^ -fi # ® 7=^ - ^ 5: ^ y -r r ^Tlg ^ ^ = 

[0 0 9 3] 

HSi52kHzi:U ^i^7>r;v^^20ici:yA*^-^ra^cf^yas^^«^- 

[0 0 9 4] 

roi:^, *l^7>f 2 0 2 o^(Dio©f^- 

TM^bfcAD^^MtglS5:4. 8 64MHzi:U K6I^KPS^ 3 2 
[0 0 9 5] 



^ J[^5p 11-362251 

a 

^s^ffiw'T/i'i'e, sia>9^-5>«»#a7- S2«.f=-f«j**®8. 

*SI«Ii®CJ:*v.i. «ia7.;v*2 0*fflv.T. «ffl«(cj: 
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,»H,fiP ^2 0 0 0-3 0 7 7 7 8 



j^sjl 1 1-36 2251 
[0 10 2] 

[0 10 6] 

0iofej:t;0i i-ett±*^^i®i^^ nmy>()^^^^o^<D^-^Ai3. 

7^ fl,^.iB##+ 1 SWana-BrS^^rK^v^-Cn^btvvS. 
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fj^sf 11 — 362251 ^ 

[0 10 8] 

3lC#;ie)ti-5VX^^n»y^'®^S:^"t*>®"^feS = 
[0 10 9] 

- ^ ® ^ ^ > ^ ^ ^ ^ - 

[0110] 
[0 111] 

I|^_^cr)i5^$.{ij:^,-rs, •r^t>t.0 5lC;J3l-t^B 0, B 2 • • aeiC^J-t 

SCO, C2 - • 5:, S7K:fel:r'5D 0, D2 • • S: m:^J-r S i ^ UT, ffi^ 

[0 1 1 2] 

li^ti ^ (Z)m*^-&*3-&:t CD ic J: o T -5 ^ -5 o 

[0 113] 

:*:|li6(D?^MlC^VNT, AD^^^lA^^7>f ;i/^fi&f^M^#®2 S^T'Ofir 
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[0 1 1 4] 

lC#^bfe%<3D"T?^y. Zl®i:-^lC-r<5rtlCj: *)mM(Dj^m2i5^U^3 tC^/< 

[0 115] 
IIJg®?^^5. 

0^CfeV^Tl~3, 7 — 14. 16, 17, 2 0 2 4 ttHJI®?^^ 3 IC^ V^ 

ifj, Ml^f i 1. H^m) > 3 1 ttm3®liK:7^;i/^ (Htft, ^t^f i i. i: 

> s 2itf^2<Dy>( jv^mmm m^. ^wlt a h 1 e iimm) . 331* 

W^ffi:^J^'f (Htfi, Counter Kil^SB), 3 4tt^-r 

Timi ngm-^il^ia) T'fe-5o 

[0 116] 

(Diz^^xmrn^r^ztij^x^^o 

[0 117] 

2^ll^6<^)?^^^c^v^T, AD^tg|^i;f5)^^:7-f ;i/^i&f^M^#a2 3^x<Dm 

mtmmcDmms izi3\i^xmmi^r^^(Diimux&^o 

[0 118] 

2fs:||ife®?^Mtt, mm(DmmsiZia^X. I|1CD'££J^-7^;1/^9 J3J:tJ^m2© 
i&^y>f fV^ 1 0(Dmt}X$>^lu^^y:^J\/'^^m^liiij2 LS<l;tKR5=--V>:^ 

;i/W^'^-^ffi:^j2 R$:il2®sr^>''r 3 ofej:t5ll3®ii^7'f 3 1 & 
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[0 119] 

mi 4—01 6tt, m2<ommy ^ /v^ 3 0^^:11^11 3 ©ffira^w;^^? 31® 

HI 4^CJ3V^T, ^T^ffiB 0~B 2 ttH 2 ®ffir^7 >f 3 0%L/<till3® 

fflK:7'f;i/^3 1 ^®AiJ5^-t5fefey, ^2^1itQ o—Q 3ii||2oliK:7>r 

^ 3 0*;L<ttm3®MK>''r 3 1 if^^COmtJv^- 'Si ^B-t. 
[0 12 0] 

z::nzi5Vf^^2<Dm^-7^;vdi 3 o t)b<ttm3oSI^:7^>n/^ 3 i tt, S 

[0121] 

-5=fo<D7?^s*^ 01 4 tca^-r j:e)jc, jt^uy hmmzm^mmi^ 

[0 12 2] 

^LT, zio^^^A 1 izji;\^xy4JVit^mi<Dmn^m^km^-t^:r.inz^ 

[0 12 3] 

01 5», mnmzmt!<Dnmwit>'^'m\^m^oyK^tim%^^t^<ox^^}. 

0^Ci3V^T, =^:*:fflCO, C 1 «^ 2 (Z)S^:7 3 0 ^ L < li^ 3 (Z)|f ^ 
^;i/^3 l ^<DA;fj7='-^T'fe»J. ^2^'litR0'-R3li||2(Z)ffi^^>f ;i/^3 0 
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[0 12 4] 

[0 12 5] 

0lCfeV>T, =^*'fitD0'-'D3li||2(OM^7>f 3 0 =b L < tt^ 3 

3 i^®A;^j^-5?t?fey, ^^^^-lils o — s 3 tt||2<z)^t®7-f >n/^? 3 o 

[0 12 6] 

Hic^t-r j:e)ic, m^us i©mij*^e>?^:®^*ffls 2®ffi:*j*'r®^K:2o 

*^S:LTirfe3&A:^j7^-^(?) IMD 1 ~D4 O^iti*) {c#fS bX^^- ^ m:f; 

[0 12 7] 

J^A±iiraUit <fc^lC, m2(Dmmy>f )]y9 3 0=foL<l±ll3©ffl^7^'>«/^ 3 

1 it. f$2<Dy>f)V9^m.m3 2 3^)^p>^^e,tlS iM®:7>r;i/^^iS:tct«eoT^ 
?^M^2 Ri: LTffi:dt-eo 

[0 12 8] 

^3 4 lC-§^X.-So 
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[0 12 9] 
[0 13 0] 

(onLx. mzisj^xfmscDmm'y^jv^so. 3 iicA:d$n-5fs#®f5?-f ^ 

o 

[0 13 1] 

^ 3 e>^^ Brig^^raPi®M^«^-r r t iy^xm. D A 

[0 13 2] 

[0 13 3] 
[0 13 4] 

e>®ffi;^j3*V-5^2{s:^l:M?S^S: 152 kHz h Lfe^, ^ 1 ©7^- 7 j3 
J;tJf||2CD7^-^^^##® SIC^VAT, 34x5: 38 kHz \znU^it^ ^ :L h\Z ^ 
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6 kHz (Dfsc-B-^-t^i^mm^-^^^n^BmnLx^i^^. 
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I c ic J: ^ mmff^^^ T*^i5 rj^fz^^n^'P MUm^ ^ mm-t^ r ^^t- ^ s o 

[0 14 0] 
[0 14 1] 

^ 4 <Dmmizmt> ^^^t^^OVF M^M^IC ^ n li. X 7=- l^:rW^fg# 
[0142] 

^ ^ ^ -t S ffi^T^- ^ #S 3 21 T' ^ S c 
[0 14 3] 

mG<D^micmt>^v=t:^^ )\^FM'^m^it. mmnatj^mit. ^mmizmi:>x 

[0 14 4] 

mT <n^miz^t>^^p^ jiFummmit. wm^r-^^^^^^izjmi^. « 
th^mMM.<Dmm'T-"^^^^^^Wi\zmM.-^i;it=.n. ±.mmf=.rjiX±'7'-'^\z 
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[®®<Z)®^^M] 

[SI] m:M(DJ^MHzWi^v^P^/VFM:^^ly:tm.m^(D-:fUy^mX 

[02] ^Jg(3D?^^2{C'^S7=i;^>n/FMX7^b':*-^M^cD:;fn^y ^0T' 

[03] mM<^J^M3lz^^'ft:^^)VFM:^^lyytUm^(D':ruy^mx 
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[09] ^jgcJDj^ffi 3 izmt> ^mmy^iviKD^-^Amij^^^y^m 

[010] mM<^^MSlz^t)^mmy-f)V^(07'-^xm:h^^^2y^ 

[01 1] mM<DmmsizmtD^mmy>fj^^<D7^-^Ami3it^^y^ 

[01 2] ^Jic[)?^M4ic^S7^i;?3?;i/FMx^b:^^M^<^):/n^y i^0 

[013] mM<DmM5lZ^^^t^^JVFMy.v^V:^^m^<^y^U^y^m 

[014] ||jg(Z)j^^5jc^*)-5^t^7^>n/^(Z)Am*M^^i-iiW0T' 

[015] mm<DMM^izWii:>^m^y^jv^(DAmi3m^^-tmmmx 

[016] |isg(Z)^^5ic#t)Sli^'7>r ;i/^®Am:*jM^^'tfi^0T' 

[01 7] t^&3f5<z)7=e^'^;i/FMX7=-U':r^M^®:/n^y ^0-e^So 
[^f#(^>^^|] 
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. 8 m2<D7^--$i^w^m.. 9 m ®<£jy^:7>f lo m2<Di&m^^ 

11 12 =i-9->r>;i/»y ^r^y >^5^->^;k is ^sj':/^^ 

, 14 m3(Dm.^y^}i^. 15 r^5f^*iMMai^^#©, le #i2®Br 

m^m^m. 17 #i5[^MM«a^^^a, 20 S^y'^f 2 1 v'^r;!/ 

^^IS[^, 2 2 -7>f ;i/^^iS[MiT^m, 2 3 y^)v^mi^mmmm. 24 

^^ny^^J-M^I. 3 0 m2(Dm^-7^ 3 1 l|3<Dffir^>'>f 3 2 

^2®7>f 3 3 =^^mi]^4 ^Z/^itj^Z/^^ 34 ^>r^> 

4 0 if-f *v T - >^;i/, 4 i H 2 (Dmw^&.> 4 2 
<£^7 >f ;i/^5?, 4 3 ^3 4 4 inm#mc 
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